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Indoor risk factors for physician-diagosed asthma and w in the past 12 Environ Hcakh Pspea 1-05:208-214 (1997) Childhood asthma prevalence has increased in the United States (1,2), Europe, and Australia (3) (4) (5) (6) (7) since the late 1970s.
Although the exact causes of this increase are unknown, current theories suggest that increases in asthma risk factors may be responsible for a substantial amount of this increase (8) . Population-based studies have described an increased risk of childhood asthma associated with male sex, race, socioeconomic status (SES), geographic region of residence, low birth weight, parental asthma, previous viral infection, hay fever, atopy, infant lung disease, and environmental factors (9) (10) (11) (12) (13) . Recent interest has focused on the influence of the indoor environment because of a decline between 1981 and 1990 in the U.S. outdoor concentration of several airborne pollutants (14) , and a possible increase in indoor air pollution resulting from modern building methods that reduce outside air exchange. One possible mechanism describes increased production of asthma symptoms as the result of localized airway inflammation produced by increases in lung tissue toxins or airborne allergens (15) . Experimental studies have demonstrated that household environmental tobacco smoke (ETS) and stove exhaust are sources of air pollutants detrimental to human lung function, such as nitrous oxide (16) , carbon monoxide, and respirable particles (17, 18) .
Household dampness can contribute to the growth of mold (19) and house dust mites (20) , both of which appear to produce an IgE-mediated allergic response (21, 22 ).
Epidemiologic studies have described an increased risk of childhood asthma due to household tobacco smoke exposure (23) (24) (25) (26) , dampness (25, (27) (28) (29) (30) , and gas stove use (25, 31) . However, the association between the indoor environment and any unrecognized childhood asthma remains largely unknown. Brunekreef et al. (28) described a larger effect of household dampness on respiratory illness among wheezing, nonasthmatic 6-12-year-old children than on asthmatic children, and Dekker et al. (25) In this analysis, we present information using the ISAAC protocol to describe the effect of the indoor environment on the risk of asthma and undiagnosed asthmalike illness among U.S. school children. We assessed the risk of physician-diagnosed asthma and wheezing in the past 12 months without previously diagnosed asthma, associated with parent-reported household exposure to ETS, stove or fireplace use, and dampness. We also assessed the influence of subject age, gender, ethnicity, socioeconomic status, allergy history, parental asthma, and season of survey as potential confounders in these associations.
Methods
The information for this analysis was collected as part of an addition to a year-long prevalence study of asthma and asthmalike illness in Seattle school children (W.C. Maier et al., unpublished data). Subjects in this analysis were first-and second-grade students (ages 5-9 years) enrolled at participating Seattle public primary schools sampled between February and June 1994. All subject information, except for SES, was collected using a single mailing of a parentcompleted ISAAC questionnaire (36) , with additional questions on household environment. These questions were added to the end of the existing ISAAC questionnaire to maintain the standardized format and content as used in other studies. SES was determined by assigning each subject a value describing the proportion of total first-and second-grade Seattle school students receiving a reduced-price school lunch (family income <$27,500/year) in their school and ethnicity subcategory. All school lunch information was provided by the Seattle public school district.
Children were dassified into three mutually exclusive groups based on their response Articles * Indoor risk factors for childhood asthma and wheezina to the respiratory symptom questionnaire: physician-diagnosed asthma, wheezing in the past 12 months without diagnosed asthma (current wheezing), and neither condition (normal). Unadjusted relative prevalence odds ratios and 95% CI were calculated to describe the increased prevalence of either diagnosed asthma or current wheezing relative to the normal population, associated with the reported household presence in the past 12 months of the following potential sources of air pollution: presence of one or more tobacco smokers, use of a gas-, wood-,or kerosene-burning stove or wood-burning fireplace, and presence of mold/mildew growth, water damage, basement water, or routine condensation of water on the windows or walls. Multivariate logistic regression was used to describe the effect of any stove or fireplace use, the presence of one or more household tobacco smoker, occasional or more frequent ETS exposure, household water damage and any household dampness except household water damage, on either asthma or current wheezing risk, using odds ratios adjusted for young age (5-7, 8-9 year referent), gender (male, female referent), ethnicity (black, other nonwhite, white referent), lower SES (defined as being from a school with more than 14% participation in the school lunch program), history of allergies, chronic sore throat, chronic earache, parental asthma, and winter season of survey. Variables describing age, chronic sore throat, chronic earache, and winter season of survey were iteratively removed from the final model, because these factors were neither significant in the model (p<0.2) nor resulted in a 10% or larger change in the estimate of the effect of any environmental factor.
The effect of response bias in our sample was also assessed by calculating weighted asthma and wheezing prevalence estimates that assigned a larger weight to schools and ethnic groups with lower survey response (see Appendix A for methodology). The magnitude of the difference between the weighted and unweighted estimates indicated the potential for bias because of increased response by parents of children with known respiratory illness.
Results
Our analysis was based on 925 subjects, or approximately 31% of the target group sampled between February and June 1994. The analysis population was equally divided by gender, and the majority were 5-7 years old (69%). Subjects were predominantly white (66%) and had a lower rate of participation in the reduced price school lunch program [mean = 23%, standard deviation (SD) = 22, median = 10] (51) 33 (50) 374 (50) p-value from chi-square test, degrees of freedom = 2 for nonordered data. Table 4 . The magnitude of the point estimates for diagnosed asthma and current wheezing were slightly different between the two models. Fireplace or stove use, water damage, other wetness, ethnicity, and SES had similar point estimates in both models. Male gender, allergy history, and parental asthma had a larger effect on the risk of asthma than the risk of current wheezing.
Discussion
To our knowledge, this was the first study to describe the association between current wheezing (wheezing in the past 12 months in the absence of physician-diagnosed asthma) and the indoor environment among a group of U.S. school children aged 5-9 years. Household dampness and stove or fireplace use were reported by over 50% of (40) , and an independent physician diagnosis of childhood asthma (41) . The response rate in this sample was relatively low (925/3,000), and the responding population was composed of a larger percentage of whites and upper SES individuals than was present in the total first-and second-grade population of the Seattle public school system. However, the asthma diagnosis and wheezing rates obtained in our study were comparable to other ISAAC studies with high response rates (Table 5 ). Our asthma and wheezing prevalence estimates were lower than those found in Canada, similar to those in Italy, South Africa, and the United Kingdom, and higher than those from Norway. It was also possible, because African-American children and those from lower SES backgrounds are at an increased risk for asthma, that our study may have slightly underestimated the prevalence of asthma and wheezing in Seattle. Additionally, we were unable to detect any effect of school response rate on the prevalence of either asthma or wheezing measured in our study. Given all these conditions, we feel that our estimates of indoor effects were not significantly biased due to elevated response among parents of children with asthma or wheezing.
The environmental questions used in our paper were novel to our study and were not, to our knowledge, measured by other ISAAC study sites elsewhere in the world. School district confidentiality concerns prohibited us from using school address information to contact individual parents to directly validate the exposures measured. The lack of additional information on the indoor environment limited our ability to determine the measurement characteristics of our environmental questions. However, previous studies have demonstrated that parent-completed questionnaire-based assessments of ETS exposure in their children were well correlated with the presence of a tobacco smoke metabolite, cotinine, in the urine (47) and hair (48) . Our household dampness questions were modeled on those used in previous studies which linked presence of mold or mildew growth, water damage, basement water, or presence of damp spots to increased childhood asthma (28) (29) (30) . Subjective questionnaire-based assessment of household dampness has been associated with an increase in household fungi spore counts (27) . Our questions on stove or fireplace use were based on previous studies of the respiratory effects of gas stove, kerosene heaters, and wood-burning fireplaces and stoves (31, 49 (51) , there is reason to believe that children with chronic sore throats may be especially sensitive to emissions from gas stoves and wood-burning fireplaces. However, because the precision of our estimates was low due to small sample size, additional research is needed to confirm the existence of this association.
In contrast to the effects ofwood smoke, exposure to tobacco smoke was a consistent risk factor in our study for both diagnosed asthma and current wheezing. Previous U.S. national studies have described an increase in asthma and wheezing risk associated with parental smoking (23, 52) . The effect of parental smoking and secondhand tobacco smoke exposure has also been consistently described in smaller individual or multicommunity studies. Results from the Harvard Six Cities study of U.S. children aged 6-14 years have demonstrated an increased risk of respiratory symptoms with increased parental smoking that was larger for maternal than paternal smoking (24) , and an increased risk in respiratory symptoms associated with parental smoking after adjustment for age, race, city, parental illness, parental education, single child status, single parent status, air-conditioning, and body mass index. Similar findings on the relationship between the effects of parental smoking were reported in the earlier Tecumseh, Michigan, study of children 0-19 years old (53) ; parental smoking habits were found to be unrelated in the development of asthma in a cohort of 5-9-year-old Boston school children (11) . Parental smoking has also Environmental Health Perspectives * Volume 105, Number 2, February 1997 been associated with an increase in childhood asthma exacerbations (47) and bronchial responsiveness (54) . Our results were also similar to those found among 5-8-year-old Canadian children by Dekker et al. (25) . Although we found a similar risk of diagnosed asthma and current wheezing regardless of the number of household tobacco smokers, our risk estimates for the effect of having one or more household tobacco smoker were similar to those presented by Dekker et al. for the risk of diagnosed asthma (OR = 1.4-1.7) and current wheezing (OR = 1.4-1.6) associated with multiple household tobacco smokers. We were unable to determine the relationship between maternal and paternal smoking in our sample because school district confidentiality concerns prohibited us from determining the identity of the household tobacco smokers reported in our study. The relative similarity of the associations between the two tobacco smoke-exposure measures and the risk of wheezing, and the difference between the effects of having a household tobacco smoker and being at least occasionally exposed to tobacco smoke, suggested that parents of asthmatic children were more likely to notice child tobacco smoke exposure, but less likely to have actual household tobacco smoke exposure.
Our results also indicated that some form of household dampness may be a risk factor for diagnosed asthma and current wheezing. Household dampness may increase the risk of childhood asthma and other respiratory symptoms by promoting the growth of either house dust mites (Pyroglyphidae) or fungi, both of which appear to be relatively ubiquitous in human environments. House dust mites (HDM) flourish in environments at 25°C and at relative humidities of 55-75%; they are found in carpets, mattresses, and dust humid enough to support them (55) . Even though HDM predominate in the hot, humid summer months, HDM-sensitive people have more symptoms during cold months (56, 57) . HDM sensitivity appears to be most severe at night (58, 59) ; increased sensitivity appears to result from elevated exposure during sleep to HDM body parts and feces in the mattress. Mold species thrive at slightly higher relative indoor humidities (75-90%), and the allergic potential of mold varies by species (60) . HDM feces and body parts (22) and mold spores (21) (62) . Several previous studies have also described a similar increase in the risk of both diagnosed asthma and other respiratory symptoms associated with some measure of household dampness (26, 28, 29, 30, 62, 63 (64) ; and U.S. children withOUt health insurance have been shown tO be two times more likely than insured children to receive no care for symptoms suggestive of asthma (65) . However, because our sample was disproportionately drawn from whites and those from an upper SES group, the effect of limitations in medical care access was likely to be less among our population relative to the total population of Seattle school children. Further research is needed to determine whether or not household water damage is a surrogate for lower SES and to quantify what aspects of household water damage may result in either asthma or other respiratory symptoms.
There was also the possibility that our adjustment for confounding factors influencing the risk of respiratory illness may have produced adjusted estimates that distorted the effect of these household exposures on the risk of diagnosed asthma and current wheezing (66 i ii*ptsiiss tiFf-3it:s tt tss::2:tswfi 3iiitug3>&3ii-if 3sti' i'==tii jj'fjjS3j f,£f,,$j' jf,,jPjii sts "'' i>'i3 ii i.ts iii, fjiij:.lj3 t.j3.
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